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Earth Structure from Free Oscillations and Travel Timest 
Thomas H. Jordan$ and Don L. Anderson 
An extensive set of reliable gross Earth data has been inverted to obtain a new 
estimate of the radial variations of seismic velocities and density in the Earth. The 
basic data set includes the observed mass and moment of inertia, the averaged periods 
of free oscillation, and five new sets of differential travel-time data. The eigenperiod 
data was drawn mainly from the Dziewonski-Gilbert study. The differential travel- 
time data consists of the times of PcP-P, ScS-s, PAB'-PDF ' and PBcI-PDF'. 
These data were inverted using the linear estimation algorithm described by Jordan 
(PhD Thesis, California Institute of Technology, 1972). A simple but realistic starting 
model was constructed based on a number of physical assumptions, such as requiring 
the Adams-Williamson relation to hold in the lower mantle and core. By using 
baselifie-insensitive differential travel times and averaged eigenperiods, a considerable 
improvement in both the quality of the fit and the resolving power has been realized. 
The spheroidal and torodial data are fit on the average to 0.04 and 0.08 per cent, 
respectively. The final model, designated model B1, also agrees with Rayleigh and 
Love wave phase and group velocity data. 
For model B1, the travel times of P waves are about 0-8 s later than the 1968 
Seismological Tables with residuals decreasing with distance, in agreement with 
Cleary & Hales and other recent studies. PcP times are within 0-2 s of the 1968 
Tables. PKP and PKiKP times, in general, are within 0.5 s of recent studies. For PKP, 
the endpoint A occurs at 176 ", the B caustic point is at 145 O, the point C is at 157 O, 
and the point D is at 110". The precursors to PDF' at distances less than 145" have 
been interpreted as scattering off lateral heterogeneities; there are no GH or 1J 
branches in this model. The travel times of S are 5-10 s later than the J.B. Tables in 
the distance range 30 O to 95 O, with residuals increasing with distance. 
Model BI is characterized by an upper mantle with a high, 4-8 kms-1, Sn velocity 
and normal, 3.32 gcm-3, density. A low-velocity zone for S is required by the data, 
but a possible low-velocity channel for compressional waves is not resolvable by the 
basic data set. The upper mantle transition zone contains two discontinuities at 
depths of 420 and 671 km. Between these discontinuities the shear velocity decreases 
with depth. The radius of the core, fixed by PcP-P times, is 3485 km, and the radius 
of the inner core-outer core boundary is 1215km. There are no other first-order 
discontinuities in the core model. The shear velocity in the inner core is about 
3.5 kms-1, confirming the value obtained by Dziewonski & Gilbert. 
Resolving kernels, which indicate to what level of detail the final model can be 
discussed, have been computed. A density inversion below the lithosphere, for 
example, cannot be resolved by the data we use, and one can only discuss the average 
density in the upper several hundred kilometres of the mantle. On the other hand, the 
upper mantle shear wave low-velocity zone is resolvable. 
Seismological Laboratory, 
California Institute of Technology, 
Pasadena, California 
The full text of this paper will be published in Geophys. J .  R. astr. SOC., 36 (1974) 
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